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1 INTRODUCTION
The continuous increase on urbanization and people standards of life has a high influence on 
waste collection and disposal policies. The accumulation of waste has become a real urban prob-
lem, causing serious impacts on public health and environmental integrity. Currently, landfill as
an appropriate technological option for municipal solid waste (MSW) disposal, is used especially 
because it has little environmental impact, with small costs and simple operation (Cossu, 2013). 
However, the deficit in best practices of solid waste management systems, especially the absence 
of a public health protection policy and environmental pollution control are recognized in the 
scientific literature as the cause of adverse effects associated to MSW management (Giusti, 2009).
Quality assurance of the MSW management system is an essential element of public health 
policies since human health can be affected by solid waste in different ways (Karak et al. 2012). 
The negative aspects presented by sanitary landfills are caused by inadequate waste disposal and 
unstructured management systems which can cause contamination of water, air and soil. Moreo-
ver bad practices contribute to the appearance of vectors and epidemiological agents which in-
volve various impacts on the environment and human health (Brown et al. 2011). Thus, grows the 
need to seek improvements to the technology for MSW collection and disposal (Pereira & Maia, 
2012).
A special issue to be considered in landfills operation is the emission of pollutants (liquid and 
gaseous: leachate and biogas) originated from degradation of the organic matter fraction of MSW. 
The environmental impacts of these emissions essentially depends on the characteristics of the 
residues brought to the landfill, the geological features of the site, the applied technology and 
other conditions (Gomes, 2009).
Today, more and more people are concerned about the risks to health and the environment 
associated to landfills and are increasingly demanding definitive solutions not just only for the 
present but also for the future generations. Also according to the World Health Organization
(WHO) it is necessary to identify and to assess the health risks to prevent illness and injury. 
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Since landfill has a relevant social, economic and environmental impact as a sanitary urban infra-
structure, new control approach based on public health and environmental integrity should be 
developed in order to prevent diseases propagation and negative environmental impacts. This 
research work presents a novel concept of landfill safety plan, using similar approach as the well 
established water safety plan methodology, structured on risk assessment and risk management 
throughout the waste collection and disposal system.
Hence, it is recommended to implement an integrated risk management strategy covering all the 
steps off MSW management system with special focus on landfills. 
2 BACKGROUND
2.1 Public health risks related to landfills
The disposal of MSW in landfills is an adequate technologic solution when best practices and 
operational standards are followed. However this solution can cause environmental concerns 
(mainly related to waste biodegradation) and public health. The pollution can reach different lev-
els of the environment and, consequently, affect the public health in different ways (Butt et al.
2008).
Health impacts can be associated to all the steps of MSW management system by direct or 
indirect contact (Forastiere et al. 2011). Human exposure to toxic chemicals that exist in landfills 
can occur through inhalation of pollutants in the air, by contact with contaminated soil and water, 
leachate, or micro and macro-vectors like birds, insects, rodents.
Several authors (EA, 2011, Elliott et al. 2001, Giusti, 2009, Jarup et al. 2002, Palmiotto et al. 
2014, Perez et al. 2006) have investigated the negative impacts on human health associated with 
landfills by describing the potential causes of disease according to exposure routes and substances
formed during and after the process of MSW biodegradation as shown in Figure 1.
Figure 1. Diagramatic scheme of solid waste emissions and exposure routes
During the process of treatment and disposal of MSW in landfills, the environment can be 
found in many situations of potential risks, including impacts on the quality of air, soil and 
groundwater. Although there are no ways to completely avoid the negative environmental im-
pacts, risk assessment and risk management can significantly reduce them so as to allow the 
maintenance of environmental health (Butt et al. 2014) and consequently protecting the public 
health quality.
Most of the environmental problems related to landfills include, among other problems: con-
tribution to the greenhouse effect, resulting from emissions of CH4 and CO2; generation of several 
toxic substances and volatile organic compounds; odor; noise; depletion of the ozone layer; dam-
age to vegetation; contamination of air, water and soil with leachate and heavy metals; affect the 
animals health and contributes to the proliferation of insects and rodents (Cossu, 2013, Forastiere 
et al. 2011, Giusti, 2009).
With the development of science and technology it is possible to control or even eliminate 
certain hazards and undesirable hazardous events, such as those triggered due to the operation of 
the landfill, by applying risk management approach (Proag & Proag, 2014).
2.2 Risk management
Risk management is a systematic process consisting of a set of analytical steps and activities 
required for control of hazard and hazardous events for a specific system or project (Aven, 2009, 
Irimia-Dieguez et al. 2014). Risks and hazardous events evaluated by this tool can be positive or 
negative, since the risk management study any situation that influences the project in question, 
regardless of the nature and may also be identified inside or outside of organization's environment 
(PWC, 2008).
Although it is a tool that needs improvements (Serpella et al. 2014), is widely used in different 
areas of science and industry because it is essential for good project management since it is ap-
plied to identify, analyze and define strategies to deal with the risks (Dey, 2012). Besides it 
providing a good foundation for decision-making that help to reduce the expected impacts. The 
risk management process is indispensably multidisciplinary, bringing together knowledge and 
data as necessary for a good risk assessment, including socio-economic and environmental data 
(Travis & Bates, 2014).
This process consists of several steps, which are outlined in Figure 2. Enforcement of sequence 
of steps that make up the risk management allows decision making according to the risks and 
likely hazardous events, in order to guarantee only the occurrence of acceptable events (Tohidi, 
2011). What is possible because of the prioritization and measures to eliminate or mitigate risks 
that reduce the magnitude of hazardous events (Struik et al. 2015).
Figure 2. Steps of the risk management process
2.3 Risk management in landfills
The adoption of methodologies for risk assessment and risk management must comply with the 
environmental and economic requirements and consequently reflect on safety and ensuring the 
quality of management and treatment of solid waste service. The result of analyzes shall indicate 
the performance of risk management and may thus be a measure of the evolution of the damage 
suffered by the public health and the environment (Butt et al. 2014).
Risk analysis for landfill is based on characterization of the sources of danger, and the landfill
risks must be established from emissions for several toxic and carcinogenic substances and their 
amplitude varies according to the exposure levels. That is, the risks are increased according to 
inhalation of gases or particles, water intake and food contaminated with leachate, direct contact 
with contaminated soil and other situations (Davoli et al. 2010). The hazard identification process 
depends on understanding all the steps and system operation of MSW management, which makes 
it possible to analyze all potential biological, physical, chemical and radiological hazards that may 
be associated (Forastiere et al. 2011).
Besides pollution, the risk analysis must include less impacting issues such as odor, risks of 
failures in engineering processes and characterization of chemical and biological components in 
the system (Pollard et al. 2006).
The impacts on human health and environment integrity by the components of landfill could 
not be validated because the results of the studies are considered insufficient due to the large 
variables that result in the absence of concrete evidence (Giusti, 2009, Palmiotto et al. 2014, Porta 
et al. 2009). Therefore it is essential to carry out future research work that include a risk manage-
ment for the disposal process of MWS and that may elucidate the risks present on this system and 
any eventual consequences as well as notify the population affected by this technological solution. 
3 LANDFILL SAFETY PLAN
The World Health Organization Guidelines for Drinking-water Quality (WHO, 2004, WHO, 
2011), introduced a new concept of risk assessment and risk management in drinking-water sys-
tems through water safety plans (WSP). This integrated and preventive methodology starts from 
the establishment of health-based targets and provides a systematic and comprehensive risk as-
sessment and risk management approach for consistently ensuring the safety of a drinking-water 
supply system from the catchment to the consumer. Generous bibliography has been published 
on this subject and this is a well-established methodology around the world (Vieira & Morais,
2005; Vieira, 2011).
A keynote lecture at the 2nd International Africa Sustainable Waste Management Conference 
(Vieira, 2014) recommended the development of a concept of landfill safety plan for a similar 
purpose. This novel concept should comprise three essential steps: (i) system and exposure as-
sessment, referring to mapping the system, assessing the risks along the waste collection and dis-
posal system, and the exposure level of different vulnerable groups; (ii) operational monitoring
establishing control measures for previously identified and prioritized hazards and exposures at 
control points; (iii) management plans describing actions and control measures to be taken during 
normal operation or extreme and incident conditions. This concept of landfill safety plan must be 
built on the structure of a water safety plan, but also with significant differences due to the spec-
ificity nature of a waste collection and disposal system.
4 CONCLUSION
Human activities generate big quantities of solid waste being its management in urban scale 
difficult due to the implications in public health and environment. Science and technology devel-
opments permit the implementation of different methods for collection and disposal of MSW. The 
use of landfilling technology for waste disposal presents some risks to public health and environ-
mental integrity although it presents a broad variety of benefits at the social, economic and envi-
ronmental dimensions.
Hazards and hazardous events associated to landfills can cause severe damages in human health 
and in environment integrity, through the contamination of air, water and soil and contribute to 
the proliferation of pathogenic agents and consequently trigger serious consequences for exposed 
populations. These aspects show the necessity to develop a new approach to MSW management
systems based on risk assessment and risk management methodologies in order to identifying 
hazards and hazardous events, assessing and prioritizing risks and applying control measures to 
eliminate or mitigate those risks and promote the values of public health and environmental pro-
tection.
Based on a successful approach of risk management for drinking-water supply systems apply-
ing the water safety plan methodology it is recommended to develop a novel concept of landfill 
safety plan for a similar purpose. This new approach must consider the specific nature of a waste 
collection and disposal system.
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